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INTRODUCTION 

Tin*  Kxpet  t Kst  Imat  ion  Method 

I'here  ari‘  sevet  .1 1 techniques  ,uul  methods  available  1 it  predict  iug 
the  human  resource  1 equ i rement s tor  new  Aii  Force  systems.  Among  these 
techniques  are  the  historical  comparison  method,  task-analytic  method, 
sovereign  I actors,  modeling  techniques  and  expert  estimate  techniques. 

The  first  four  methods  require  vast  amounts  of  data,  complex  machine 
processing  or  the  cons t rue t ion  ol  soph i .licated  models  to  produce  the 
human  resource  estimates.  lhe  expert  estimate  approach  inquires 
relatively  little  in  terms  ol  external  support  and  theielote  represents 
a relatively  low  cost  method  tot  producing  human  resource  estimates. 

The  data  base  for  the  expert  est  imate  approach  is  made  up  ol  the  years 
ot  systems  experience  accumulated  bv  Air  Force  technicians.  It  is  this 
data  base  that  the  expert  estimate  technique  can  rapidlv  query  with  small 
Investments  of  resouiecs. 

The  expert  estimate  technique  consist'  ot  I ive  basic  steps.  First, 
an  engineering  description  package  is  cotup lied  tor  the  equipment  01 
system  under  study.  Ibis  description  is  based  on  t lie  engineering  data 
and  specifications  available  dining  the  eatlv  pha-e-  ot  system  design. 


Second,  .1  quest lonna i ro  i des  Igued  lo  u'lhvl  t ho  spec t 1 to  human 


ii‘Si'uu'1'  estimates  d<  sited.  The  third  step  is  lo  set  eel  I ho  appropriate 
kinds  .mil  quantities  o'  torhnielans  to  serve  as  expot  t estimators.  Tito 
fourth  step  is  to  take  the  eng  ineel  lug  ilesi  t lpt  ion  package  ami  the 
quest  loniuiire  I.’  the  selected  experts  to  eolleet  tin*  des  i t ed  estimates. 
The  t it  tli  step  is  lo  analyze  t lie  data.  These  then  are  t lie  basic  steps 
involved  In  ns  i in;  t lie  expel  t estimate  techniques.  Knell  ot  these  steps 
will  he  discussed  in  mote  detail  in  sepaiate  seel  ions  ot  this  guide. 


C.ipab  i 1 1 1 t es/l.im  i t at  i ons  ot  the 
lx  pel  l t'stimate  Method 


Recent  research 1 ■ on  the  expei I est imate  method  has  been  directed 
towaid  determining  the  accutacv  ami  icliahilitv  ot  the  technique  for 
ditteient  types  ot  human  resource  data.  The  tesearch  lias  shown  that  the 
method  can  produce  accuiate  and  icltahle  est imates  »' t : 

o Maintenance  Man-hours 
o Crew  bice 

o Skill  level 

o t areei  I i c 1 d /Al SC 

o Task  l'i  l l ten  I i v 


'bauer  and  Askren,  Validat ion  ot  expert  estimate  techniques  tor 
piedtcltug  manpower,  ma  i nt  enaiti'e  and  training  requirements  tor  proposed 
Air  force  systems.  AI  IIKI.-TK  78  - 19  . Ur  tglit -Tat  t ei  son  M il.  Ohio. 
Advanced  Systems  niviston,  \ti  Koree  Human  Resourees  l.ahoratorv,  May  1^78. 

Whalen  and  \ i.  . I m i nl  d«sign  i i aile  stmlies  on  system  human 
resources.  AK1IK1  IK  '•  8>),  Wr t ght - Pat t et son  A KB , Ohio.  Advanced 
Systems  Pivlslon,  All  I'oice  Human  Resources  l.ahoratorv,  Poeembet 
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1 ho  mot  hod  can  .i  Im»  hi*  used  to  ivl  h‘i  i technic  inn  responses  on 
design  features  wltioli  may  prosont  safety  hazards  or  impede  efficient 
maintenance  and  programs  to  identify  the  types  of  maintenance  tiaining 
facilities  and  equipment  requited  by  a new  system.  l'o  date,  the  expert 
estimate  method  has  not  produced  satisfactory  est imates  of  maintenance 
training  times  for  a proposed  system. 

Applications t or  tin  I \pci  I I t (mate  Method 

The  expert  estimate  approach  to  predicting  human  resources  for  new 
systems  does  not  depend  on  the  availability  of  prototype  or  actual 
system  equipment.  f'.st  imates  can  be  made  with  onlv  an  engineering 
description  of  the  proposed  system.  let  this  reason  the  expert  estimate 
approach  is  ideal  for  use  in  the  eat  lv  design  stages  of  new  systems 
before  prototypes  are  constructed.  Ihe  impact  of  the  system  design  on 
the  human  resources  can  be  assessed  and,  if  necessary,  the  design  can  be 
modified.  Since  system  changes  in  the  early  design  stages  can  be  effected 
more  easily  and  are  less  costly  than  strain  changes  made  latei  in  the 
system  development  process,  the  expert  estimate  method  can  plav  a 
significant  role  In  the  process  ot  opt  inti  ting  system  cost  and  system 
pert  ormance. 

The  expert  estimate  method  could  also  be  used  to  compare  the  human 
resource  impacts  of  two  or  more  alternative  designs  ot  engineering  solu- 
t ions.  Another  application  could  be  in  projecting  personnel  costs  and 
personnel  needs  for  now  systems.  It  could  also  be  used  to  assist  career 

■>« 
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lliis  section  will  discuss  tin'  >t  ops  nocossai  v to  propul e toi  ami 
use  the  expert  estimate  method.  Ilie  apptoach  used  is  t e I 1 1 ••  t present  a 
general  description  ot  the  -top  then  to  y.ivo  a sample  at  matei  lal 
relevant  to  the  step. 


Developing  the  Fnjuu'eniii  '.Vs.  i i p ; 1 on  I’uckagc.  this  i ..  the  tirst  step 
In  prepat  tn({  lot  use  el  the  expert  estimate  oothod.  I lie  cup.  i neet  me. 
description  package  will  contain  the  on  1 v mt  oi  mat  ion  on  the  proposed 
system  or  equipment  that  the  technician  will  have.  As  such,  it  Is 
critical  that  as  much  pertinent  internist  ion  as  possible  In-  presented  in 
the  package.  Cone lulls  the  enc.ineei  me.  ,|cm  i ml  ion  package  should 
contain  informat  ion  on  the  tollovme. : 


I'vpe  ot  A i i ct  a t t 

l.ocation  ol  Component s on  Aitciatl 

I'hvsical  lVsoi  ipt ion  ot  Component  s Si.  e and  Weight 
Functional  I'esci  ipt  ion  ot  t'omponent  s 
Description  ol  built  in  lest  Capability 
Description  ot  Vest  equipment 


Main!  a tn.ih  i 1 i t 


SO 


It  is  possible  that  many  of  the  details  would  not  be  known  or  would  not 


have  been  decided  during  the  early  design  stages.  Build  the  engineering 
description  package  from  the  data  that  is  available.  One  example  of  an 
engineering  description  package  can  be  found  in  the  1974  Whalen  and 
Askren3  report.  The  engineering  description  package  used  in  the  Sauer 
and  Askren4  study  (1978)  is  presented  on  page  63. 

There  is  no  set  format  for  the  engineering  description  package. 
Experience  has  shown  that  schematics,  block  diagrams,  flow  diagrams, 
drawings  and  other  graphic  aids  were  very  helpful  to  the  technicians  who 
have  used  the  packages.  Technicians  state  that  rhe  use  of  illustrations 
and  diagrams  should  be  about  the  same  or  increased  relative  to  the 
number  of  illustrations  contained  in  the  engineering  descriptive  package 
presented  below.  The  length  of  the  engineering  package  described  below 
is  10  pages  (one  side)  of  text  and  diagrams.  Only  a small  percentage  of 
the  technicians  stated  that  this  was  too  long.  Most  recommended  that 
the-  length  was  about  right  and  some  stated  that  it  could  have  been 
longer . 

The  main  cost  of  developing  an  engineering  package  will  be  the 
engineering  time  necessary  to  collect,  edit  and  compile  the  data  in  a 
single  document.  Approximately  120  man-hours  of  engineering  time  was 
required  to  develop  the  Engineering  Description  Package  included  below. 
An  additional  20  to  30  man-hours  of  technical  drafting,  technical 

3Whalen  and  Askren,  Op.  cit.,  p.  57 
'Sauer  and  Askren,  Op.  cit.,  p.  57 
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INTRODUCTION 

w The  Doppler  Signal  Processor  (DSP)  unit  la  designed  for  operation  in  conjunc- 

tion with  a Four-Beam  Janus,  FM/CW  Doppler  Radar  Navigation  System  to  provide 
continuous  direct  reading  indications  of  aircraft  groundspeed  and  drift 
angle. 

In  order  to  provide  an  understanding  of  the  function  and  operation  of  the 
Doppler  Signal  Processor,  it  is  necessary  to  briefly  outline  the  overall 
••  operation  of  the  Doppler  Radai  Navigation  System. 

Four- Beam  Janus  System 

The  four-beam  "Janus"  system  derives  its  name  I rum  an  ancient  Roman  god  who 
was  represented  with  two  opposite  luces.  The  antenna  system  employs  one 
transmitted  beam  directed  forward,  and  one  transmitted  beam  directed  backward. 
The  reflected  signals  are  sampled  by  the  receiving  antenna  alternately  from 


F 


tlio  right-front  ami  the  lilt  .» I t sides  of  I In*  alieratt,  and  limn  i In-  let  I 
front  and  the  right  -all  sides  at  the  aircraft.  A represent  at  ten  at  the  tam 
he. tin  (anus  system  is  provided  in  Figure  I. 

Dopplei  Navigation 

Doppler  navigation  utilizes  the  dapplei  etteit  whlett  is  a change  in  the 
observed  frequency  at  a wave  train,  due  to  relative  motion  between  t lie 
frequency  source  and  the  receiver.  The  observed  frequency  is  higher  than  tile 
source  frequenc\  when  t tie  distance  between  the  source  and  t lie  receiver  is 
decreasing.  (onveiselv,  when  the  ill. stance  is  ini  teasing,  t lie  observed 
t requenev  is  lower  than  the  source  frequency.  The  shift  front  true  frequency 
depends  on  the  speed  and  angle  ot  movement  at  t lie  source  relative  to  the 
tecelver  and  Is  defined  as  dapplei  shitt. 

Dapplei  Kadai  Navigation  System  (PUNS) 

hroundspood  Measurement  With  reterence  to  Figure  1,  movement  ot  tile  alieratt 
with  a forward  velocity  causes  a dapplei  shift  in  tiie  received  signal  frequen- 
cies from  the  forward  and  att  beams.  1'he  combined  doppler  shitt  at  the  light - 
front  (Fgp)  and  lett-atl  (Fj^),  or  left-front  (Fgp)  and  right-aft  (Kg^) 
beams  Is  directly  proport ionnl  to  aircraft  horizontal  groundspeed.  by 
combining  the  dapplei  shitt  from  both,  the  forwaid  and  att  beams,  inaccurac ies 
due  to  aircraft  pitch  01  vertical  velocity  are  eliminated. 

Drift  Angle  Measurement  Pi  (It  angle  Information  is  obtained  by  comparing  t lie 
doppler  shift  K)  (F  | » Fgp  4 Fp^)  wltii  the  doppler  siillt  Fa  (F\>  “ Fj  p + . 

Wlien  tiie  antenna  Is  aligned  with  t lie  aircraft  direction  of  motion  (Figure  -’a), 
F i will  equal  K j and  no  drtti  eiror  will  be  generated.  The  angle  between 
aircraft  heading  and  alictatt  direction  of  motion  is  the  drift  angle.  In 
Figure  the  dopplei  shift  F|  Is  greater  than  the  dopplei  slittt  F\>.  The 

dtftcrence  between  dopplei  sti  i t t s Fj  and  F>  is.  sensed  hv  I lie  Dopplei  Signal 
Processor  unit  which  total cs  the  antenna  to  align  the  Dennis  about  the  aircraft 
direction  of  motion  (Figure  .’cl.  This  act  ion  equalizes  the  dopplei  shifts 
(F|  « F.)  and  provides  a tine  ill  tit  angle  measui  ement . In  Figme  .’d,  the 
heading  of  the  aircraft  lias  been  alieied  le  compensate  lor  the  drill. 

System  Description  Figme  t shows  a block  dlagtam  ot  the  Doppler  Radar 
Navigation  System.  'I  lie  tiausnilttei  poition  ol  the  receiver /t  ransmlt  tet 
generates  a frequency  modulated,  cw,  radio  tiequency  signal  which  Is  coupled 
to  the  antenna  and  transmitted  In  tiie  torwaid  and  alt  beams,  Ground  reflected 
signals  are  received  bv  the  antenna,  alternately  for  0.  7S  second  periods  from 
the  right-front,  let t att  and  lett  front,  right -aft  beams.  A mtxei  In  the 
antenna  unit  mixes  the  received  signals  with  a sample  ot  the  transmitted 
frequency  and  outputs  iuteimediate  frequencies  from  tiie  lett  (side  A)  and 
right  (side  H)  beams.  these  signals  are  demodulated  in  tiie  receive!  poition 
ot  the  receiver/ 1 ransmi I t e i and  mixed  tu  a mannei  tliat  onlv  the  audio  dopplei 
shift  t requeue  les  appeal  it  tiie  Input  to  tiie  Doppler  Signal  Processor  unit. 
(The  doppler  stilt t t requenev  Is  actually  a spectrum  ot  tioquenelcs  with  the 
doppler  mIi  l f I represented  hv  I lie  eentei  frequency.)  Hie  Doppler  Signal 
iiocessot  combines  and  pi ocosses  the  doppler  audio  signals  ami  generates  a 


grotintl.ipced  analog  synchro  volt  ago  tor  dtivlng  the  groundspood  indie. iloi  in 
the  control/indlenlor  panel.  The  processor  also  generates  a drift  error 
signal  for  rotating  and  aligning  the  antenna  with  the  aircraft  direction  ot 
motion.  A drift  angle  analog  synchro  voltage  is  generated  directly  by 
antenna  position  to  provide  a drift  angle  indication  on  the  control/lndicatoi 
panel.  In  addition  to  ptovidlng  indications  of  grmitidspoed  and  drift  angle, 
the  cont rol / ind teat ot  panel  permits  slewing  of  grotindspood  and  antenna 
rotation  for  test  purposes  and  the  selection  ot  hand.  High  Sea  or  l.ow  Sen 
modes  ot  operation  for  the  Doppler  Radar  Navigation  Systom. 


figure  1.  block  Diagram  - Dopploi  Kadat  Navigation  System  (DRNS) 
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(lene  i a 1 

The  purpose  ot  the  Dopplei  Signal  Processor  (DSP)  unit  is  to  convert  input 
dopplet  frequencies  (audio)  received  Item  the  rece i ver / l rausmi t t or  unit  Into 
an  accurate  synchro  analog  voltage  ot  ground  speed,  and  to  monitor  the 
antenna  track  as  compat ed  to  the  a (remit  direction  of  motion,  producing  an 
erroi  signal  (drift  error)  where  the  two  tail  to  coincide.  This  etrot  signal 
Is  used  to  align  the  antenna  with  the  aircraft  direction  ot  motion.  In 
addition  to  these  primary  functions,  the  PSP  unit  lias  the  tollowtng  secondary 
fund  ions  and  capal>  it  ft  ios. 

1.  droundspoed  and  Prill  manual  slow  mode,  during  which  time  the 
grotindspood  and  tit  it  t servo  loops  may  he  manna  1 1 v slewed  to  check 
c 1 rcu i t opera t I on. 

2.  hock-check  opeiattou,  which  continuously  monilots  the  strength  ot 
the  received  Input  signal,  the  antenna  rotor  swi telling  sequence, 
anti  the  ability  ot  the  groundspeod  and  drift  circuitry  to  track 
the  rece  I veil  Input  signal. 


(>/ 


The  lock-cheek  opera!  ion  in  accomplished  by  int  i oiluc  lng  symmetrical 
errors  to  the  Doppler  Signal  Processor  and  checking  the  response  to 
these  errors.  Since  the  errors  are  of  equal  magnitude  and  of 
opposite  polarity,  the  overall  effect  on  the  accuracy  of  the  DSP  is 
not  affected. 

3.  Memory  operation,  which  freezes  the  groundspeed  and  drift  circuitry 
at  their  last  valid  outputs  should  the  lock-check  circuitry  detect 
a failure. 

4.  Sea  Operation,  which  is  capable  ol  being  switched  to  three  different 
modes,  depending  on  the  circumstances  as  follows: 

a.  Sea  Low  (Manual)  changes  the  groundspeed  scale  factor  for  low 
flying  over  large  bodies  of  water. 

b.  Sea  III  (Manual)  changes  the  lock-check  excursions  for  high 
flying  ovei  large  bodies  ol  water. 

c.  Smooth  sea  (Automatic  in  sea  hi  operation  only)  tilts  the 
antenna  downward  to  provide  for  additional  reception  when 
flying  over  large  bodies  of  relatively  calm  water. 

The  Doppler  Signal  Processor  unit  is  of  rectangular  design  and  Is  completely 
enclosed  by  a case  and  front  cover.  The  unit  is  approximately  8 in.  H * 

8 in.  W x 22.5  in.  L and  weighs  35  lb.  An  illustration  ol  the  DSP  Is  shown 
In  Figure  4 along  with  its  mounting  rack.  The  mounting  rack  contains  two 
connectors  for  interfacing  the  DSP  with  other  units  in  the  Doppler  Radar 
Navigation  System  and  two  blower  motors  to  provide  cooling  air  to  the  Doppler 
Signal  Processor. 


The  DSP  is  densely  packaged  and  Includes  a chassis  with  seven  replaceable 
plug-in  modules.  The  modules  contain  all  active  eircuittv  within  the  DSP. 
Following  is  a list  of  all  modules  in  the  Doppler  Signal  Processor  unit. 

1.  Test  Panel  Module  (TPM) 

2.  Audio  Processor  Module  (APM) 

3.  Signal  Comparator  Module  (SCM) 

4.  Sequencer  Module  (SM) 

5.  Servo  Control  Amplifier  Module  (SCAM) 

6.  Analog  Synchro  Converter  Module  (ASCM) 

7.  Power  Supply  Module 


Vacuum  tube  circuitry  is  used  throughout  the  Doppler  Signal  Processor  with 
the  exception  of  the  oscillators  located  In  the  sequencer  module  which 
incorporate  transistor  circuits.  A brief  description  of  each  of  the  modules 
is  provided  fn  the  following  paragraphs.  A simplified  block  diagram  of  the 
DSP  Is  provided  in  Figure  5. 
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Figure  V Simp  1 1 f i oil  Block  Diagram  - Popplci  Signal  Pi  oi'i'HNor 


Tost  I'uivi'l  Modulo  (TPM) 

Tho  Tost  Panel  Modulo  is  mounlod  on  t ho  trout  ot  tho  OSl'  chassis.  The  modulo 
provides  (using  for  input  power  to  the  I'SP  power  supply  module,  an  elapsed 
time  motor  tor  recording  oper.tt tug  time  and  a test  switch  and  meter  tor 
eond l t toning  and  measuring  signal  levels  at  critical  points  throughout  the 
Popp  lor  Radar  Navigation  System.  The  switch  has  eight  lest  positions  as 
foil  ows : 


l - A XTAL  C.l’RRFNT 


R XTAL  CURRENT 


I - MOO  OSC 


A - A I F LEV 


5 - B IK  LEV 


COMP  IN 


7 - CALIBRATE 


8 - OPERATE 


(Samples  side  A crystal  mixer  current  in 
tho  Antenna  unit) 

(Samples  side  B crystal  mixer  current  In 
tho  Antenna  unit) 

(Samples  modulatoi  oscillator  level  in  tho 
Roce Iver-Transml 1 1 or  uni t ) 

(Samples  side  A audio  level  out  of  first 
stage  ot  tho  I'SP  Audio  Processor  Modulo) 

(Samples  side  B audio  level  out  ot  tirst 
stage  ot  the  PSP  Audio  Processor  Module) 

(Samples  I'SP  input  to  the  Signal  t'omparatot 
Module  I i oni  the  Audio  Processor  Module) 

(Used  tot  system  cal  (hint  ion) 

(Psed  I oi  noimal  system  operation) 
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Audio  Processor  Modulo  (APM) 


The  I one t ion  of  the  Audio  Processor  Modulo  is  to  roceivo  detected  audio 
dopplo r t r equency  spectra  signal  pairs,  FRp,  Fj^  and  Fgp.  FKA  alternately 
from  the  recelver/t rausmi t ter  unit  of  the  DRNS,  add  the  signals  in  each  pair 
and  output  the  combined  frequencies  F|,F-  alternately  for  periods  of  0.75 
seconds  each  (F)  = l'Rp  + Fj^ , F = Fgp  + . 

ihe  module  has  two  identical  channels  for  processing  the  incoming  signals  which 
include  an  amplifier,  phase  splitter,  balanced  modulator,  I liter,  rectifier  and 
AGO  amplifier.  AC.C'  voltages  are  fed  back  to  the  first  stage  amplifier  and  to  the 
IF  amplifier  stage  in  the  receiver/transmitter  unit  of  the  DRNS. 

A third  channel  in  the  APM  performs  the  addition  of  the  signals  received  in 
each  pair  and  includes  thioe  crystals  individually  selectable  by  a speed  switch 
located  in  the  Analog  Synchro  Convortoi  Module,  an  oscillator,  frequency  doublet 
1 filters,  balanced  modulator,  square  law  detector  and  output  amplifier.  This 
channel  provides  the  combined  doppler  frequency  signal  output  (Fj,F2)  to  the 
Signal  Comparator  Module  ol  the  DSP. 

Signal  Comparator  Module  (SOU 

Signals  Fj  and  F 2 appearing  at  the  output  ot  the  Audio  Processor  Module  are 
actually  a spectrum  ot  frequencies  centered  about  Fj  or  F;- . It  is  the  function 
of  the  Signal  Comparator  Module  to  determine  the  exact  value  of  F]  and  F2. 

This  is  accomplished  in  the  SCM  by  mixing  Fj  ot  F2  with  an  accurately  controlled 
frequency  (F  t E)  generated  by  a highly  stabilized  phantnstron  oscillator. 

(Note:  In  order  to  determine  whether  the  doppler  shift  frequency  is  above  or 

below  the  controlled  I requency  F,  the  controlled  frequency  is  varied  slightly 
above  and  below  F by  an  amount  F.  at  a 5 Hz  rate.)  The  output  of  the  mixer  is 
then  equal  to  the  difference  frequency,  F ' E - Fj  or  F 1 E - F2.  The 
difference  frequency  is  then  amplified,  filtered  and  rectified  for  further 
processing  In  the  Sequencer  Module  as  F;1  or  Kg  (F.,  = rectified  F*  E — Fj, 

Kg  = rectified  F ' E - F > ) . 

The  Signal  Comparator  Module  also  contains  a major  portion  ot  the  circuitry 
used  in  performing  the  lo.k-check  function  on  the  svstem  and  for  altering  the 
groundspeed  scaling  factor  when  (lying  over  wide  areas  of  water  at  low  or 
high  altitudes.  This  circuitry  includes  transformer  coupling,  phase-sensitive 
and  drift-reversing  circuits,  and  switching  relays. 

Sequencer  Module  fSMl 

The  function  of  tire  Sequencer  Module  is  to  receive  the  rectified  (Fa  or  Eg) 
signal  f trim  the  Signal  Comparator  Module  and  switch  it  in-phase  with  the 
sampling  of  the  right-forward,  left-aft  and  left-forward,  right-aft  received 
beams.  The  switched  signal  is  then  filtered  and  provides  two  outputs  (Fa»Fg) 
for  coupling  to  the  Servo  Control  Amplifier  Module  and  further  processing. 

The  Sequencer  Module  also  generates  the  5 Hz  timing  for  varying  the  phantastron 
in  the  SCM  by  an  amount  *E,  and  timing,  blanking  and  switching  signals  used 
in  the  lock-check  circuit  t v. 
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Circuitry  within  t ho  SM  includes  4 oscillators,  3 llip-llop  circuits,  a relay, 
an  electronic  switching  matrix  and  2 tiller  circuits. 


Servo  Control  Amplil  lor  Modulo  (SCAM) 

The  function  of  the  Servo  Control  Amplifier  Modulo  is  to  receive  the  two 
signals  Fa  and  Fg  from  the  Sequencer  Module  and  convert  them  to  a ground- 
speed  error  signal  for  driving  a motor-generator  in  the  Analog  Synchro 
Converter  Module  and  a 1 1 5 Vac  drift  motor  signal  for  aligning  the  antenna 
with  the  aircraft  direction  of  motion. 

The  SCAM  also  contains  circuitry  that  responds  to  the  lock-check  signals  and 
provides  warning  signals  to  the  DKNS  control/indicator  to  signal  returned 
signal  unreliability  and/or  URNS  failure.  The  Servo  Amplifier  Control  Module 
circuitry  contains  a magnetic  modulator,  amplifier,  butter,  drift  reversing 
stage,  2 transformers,  2 phase-sensitive  detectors,  2 magnetic  amplifiers  and 
4 relays. 

Analog  Synchro  Converter  Module  (ASt'M) 

The  primary  function  ot  the  Analog  Synchro  Converter  Module  is  to  convert  the 
groundspeed  error  signal  received  from  the  servo  control  Amplifier  Module 
into  a three-wire  synchro  output  voltage  for  driving  the  groundspeed  indicator 
in  the  control/ indicator  unit  of  the  DRNS. 

Secondary  functions  include  the  switching  ot  oscillator  crystals  in  the  Audio 
Signal  Processor  Module  and  control  of  the  phantastron  oscillator  frequency  (F^ 
In  the  Signal  Comparator  Module. 

The  ASCM  consists  of  2-speed  cams  with  switches,  a synchro  transmitter  and 
potentiometer,  coupled  by  a common  shaft  to  a motor-generator . The  ground 
speed  error  signal  drives  the  motor-generator. 

Power  Supply  Module  (,1’SM) 

Aircraft  input  voltage  to  the  Power  Supply  Module  consists  ot  28  Vdc  and 
lit  Vac  / 400  Hz  / single  phase  via  fuses  located  in  the  Test  Panel  Module. 

The  Power  Supply  Module  output  voltages  include: 


b. 

1 Vac 

120 

Vdc 

18 

Vac 

280 

Vdc 

2 b 

Vac 

too 

Vdc 

lit 

Vac 

-ito 

Vdc 

28 

Vdc 

-423 

Vdc 

The  Power  Supply  Module  contains  2 multi-output  transformers,  lb  rectifier 
diodes,  8 regulator  tubes  and  2 relays. 
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VAilHM  I'Ubi'  AM'  l'RANSlSli'K  Ot'MPLKMl  N l 

The  Doppler  Signal  Processoi  unit  contains  .’9  vacuum  tubes  and  4 transistors. 


hu it  r in  ii  sr 

Ihe  look-check  oirouttrv  within  the  Dopplet  Signal  Processoi  unit  provides  a 

cent  mucus  and  reliable  tr-.t  ot  the  oveiall  I'oppler  Kadai  Navi  gat  ion  System 

peitormance  dining  nonn.il  op  or a 1 1 on. 

The  capability  tot  the  opetatot  tv'  manually  slew  the  drift  and  ground  speed 

loops,  coupled  with  the  measurement  ot  c i it  i v a 1 test  points  on  the  I'oppler 

Signal  1’iocessi'i  unit  l'e  t 1’anel  Module,  awls  in  is.'lal  ing  tai  lures  tv'  a major 
unit  ol  the  I'KNS  ti.e.,  mtiiina  unit,  Uicin-i  liansmltlci,  I'oppler  Signal 
i'l  v'cessot  , etc  . ) . 


MAIN  TAIN Ah 1 1 I IV 

Remedial  maintenance  at  the  01  gun l /at i ona 1 level  consists  ot  replacing  the 
( an  1 1 v 1111 1 1 . 

I’et  iodic  and  remedial  maintenance  ot  the  IV  aplei  Signal  1'iocessoi  at  the 
intermediate  level  is  rallied  mil  using  a hot  mock-up  approach.  In  the 
hot  mock-up  approach,  the  l'opplei  Signal  Processoi  is  interlaced  with  othot 
units  v't  the  l'RNS  to  piovide  a full-  up  operating  system. 

Kxtcndei  cables  permit  the  DSP  modules  t v>  be  operated  in  a normal  manner 
while  removed  t torn  the  I'ST.  Additionally,  where  applicable,  they  provide 
tot  inputs,  test  probing,  and  switching  ot  various  signals  tor  test  purpose- 

Ihe  hot  mock-up  appioach,  in  cou.j unction  with  standard  and  special  test 
equipment,  provides  1 01  t ait  1 1 isolation  tv'  the  component  level  within  a 
given  modulo  ol  the  I'oppler  Signal  Ttoccssor  unit. 


I'VSt  KQU 1 1’MKN  l 

Ihe  U'llv'wing  test  equipment  is  inquired  i»'t  v a 1 ihr.it  Ion  and  fault  isolation 
i'u  the  IVpplet  Signal  I'tocessoi  unit. 

1.  i'l'  VTVM,  John  l-' l like  SO*  v»i  equivalent 

'.  AO  VTVM,  Hewlett  Packard  -uU'l'  01  equivalent 

1.  Multimetei.  Hewlett  Paekard  S s l it  ,»i  equivalent 

•*.  I'requeiu'v  Ovumtet,  Hewlett  Paekai  d ‘'.'••SI.  01  equivalent 

Audio  Signal  Oeneratv’i,  Hew  let  t -Paekard  vOOl'l'  v>t  equivalent 
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Develop  ing  the  Quest  lonna  \ re . The  dove  lopraent  ot  the  questionnaire  is 
> process  of  selecting  the  appropriate  question  formats  tot  the  types 
ot  human  resource  estimates  desired.  It  is  recommended  that  main- 
tenance task  scenarios  ho  devised  (or  estimates  of  maintenance  task 
time,  crew  sire,  skill  level,  and  task  difficulty.  These  scenarios 
describe  the  type  ot  maintenance  action  taken  and  the  system  or  com- 
ponent involved  in  the  action.  Maintenance  location  and  type  of 
malfunction  can  also  he  added  to  tills  scenario.  Kstimates  (or  dif- 
lereit  maintenance  tasks  will  require  a different  scenario.  The  only 
limit  to  the  number  ot  task  scenarios  which  can  he  included  will  he  the 
number  of  task  time,  crew  sire,  skill  level,  and  task  difficulty 
estimates  desired.  The  sample  questionnaire  on  page  7b  illustrates  the 
use  of  maintenance  task  scenarios. 

For  estimates  of  task  maintenance  time  it  is  recommended  that  the 
technicians  consider  three  task  times.  To  help  technicians  estimate 
average  task  times,  have  them  also  consider  the  minimum  time  and 
maximum  time  in  which  a task  could  bo  completed.  l)o  not  ask  the 
technicians  to  estimate  man-hours.  Man-hours  will  he  calculated  during 
the  data  analysts  phase  using  crew  sire  estimates.  For  this  reason, 
crew  sire  estimates  must  he  collected  simultaneously  with  task  time 
est  tmates. 

I'row  size  estimates  can  he  made  in  terms  ot  the  percentage  of 
times  a particular  task  will  require  a crew  of  one,  two,  three  or  more 
technicians.  Present  the  possible  crew  sires  for  a particular  task  and 
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have  the  technic ians 
t tines  that  size  crew 
ti’ii.ma’  task.  Skill 
crew  size  estimates, 
t ive,  seven  or  nine) 
would  he  required  to 


indicate  next  to  each  crew  size  the  percentage  of 
would  he  required  to  perform  the  scenario  main- 
level  estimates  can  he  made  In  conjunction  with 
Have  technicians  estimate  the  skill  levels  (three, 
tot  the  mcmher(s)  ot  the  crew(s)  they  estimated 
pet  term  the  task. 


Task  difficulty  est  (males  can  be  made  tor  each  maintenance  task 
scenario.  Technicians  late  the  difficulty  of  the  maintenance  tasks 
for  the  proposed  equipment  on  a task  difficulty  scale  (100  mm  long) 
with  verbal  anchors  of  "Very  Kasv"  (0  mm),  "Average  Difficulty"  (30  mm) 
and  "Very  Difficult"  (100  mm)  to  Indicate  tin  direction  of  the  scale. 
Technicians  will  consider  their  past  maintenance  experience  on  similai 
equipment  as  a basis  for  rating  the  difficulty  of  the  maintenance 
tasks  for  the  proposed  equipment. 


Career  field  or  AKSC  estimates  need  only  be  made  once.  It  is 
recommended  that  these  estimates  be  made  after  the  technicians  have 
completed  the  estimates  for  the  various  maintenance  task  scenarios.  It 
Is  helpful  to  Identify  the  group  of  current  AFSCs  from  which  technicians 
would  most  likely  he  ehosen  to  maintain  the  new  system.  This  informa- 
tion can  be  found  in  the  Airman  Class  if  icat  ion  Regulation,  AFR  ll)-l  . A 
series  of  questions  arc  recommended  to  extract  as  much  information  from 
the  estimators  as  possible.  First,  ask  11  the  maintenance  technicians 
would  come  from  one  of  the  identified  AKSt's . If  a yes  answer  is  given, 
have  the  technicians  estimate  the  specific  AKSC  ot  the  maintenance 

II  a no  answer  is  given,  have  the  est ima tots  check  one  ot 

? S 


t echo ic ians. 


four  possibilities:  a new  AFSC,  a combination  of  AlSCs,  a new  shredout 
for  an  existing  AFSC  or  expand  the  duties  of  an  existing  AFSC. 


If  additional  information  is  desired  on  the  impact  of  design 
features  on  maintenance  tasks,  an  open-ended  response  format  is  recom- 
mended to  allow  for  a potentially  wide  range  of  responses.  This  format 
is  also  appropriate  if  estimates  of  training  facilities/equipment  is 
desired. 

Since  accuracy  ot  training  times  collected  by  the  expert  estimate 
method  have  thus  far  proven  unsatisfactory  it  is  not  recommended  that 
estimates  of  training  times  be  collected. 

Ihe  time  necessary  to  develop  a questionnaire  should  range  from 
between  20  to  40  hours  depending  on  the  number  and  type  of  estimates 
involved.  This  would  include  time  for  defining  the  maintenance  task 
scenarios  and  time  tor  typing  anil  reproduction. 


I 1)1' I I'MI  Ml  nrSUJN  I VAl  HAT  I ON  I'OK 
MAlNlT.NANiT  , MANI’OWIR  ANH  I'KAININi:  KKi)U  I KI-'.Ml  N I S 

You  are  part  iolpating  in  i stmlv  ( o ilotormtuo  t l«o  toasihilttv  o(  having 
oxpo  r 1 onooii  Aii  Koroo  i oolin  1 1-  i ans  ostimato  manpowor  ami  training  roipilto 
mi'ii  t s lot  now  Air  Kou  r oi|ii  i pmont  . You  will  ost  tmato  ma  l ill  t’liam  o o t ow  si/os, 
ma  tilt  on.  moo  task  tlmos,  skill  love  lu,  task  illlticultv,  oarooi  ttolil  ami 
training  requirements  I « > t a pii't'u  of  oipi  I pinout  oalluil  t lio  ilopploi  signal 
processor . 

Your  ost  {mates  ol  manpowor  ami  training  i oipi  i i onion  t s toi  tin*  ilopploi  signal 
ptooossot  will  In’  basi'il  i’ii  i n I or  mat  i on  oontainoil  in  t lio  ong  i noor  l ng  ilosi  i i pt  I on 
paokago  prepared  tor  t lio  ilopploi  signal  prooossoi  . Tin*  intorniat  Ion  In  this 
paokago  is  tvpioal  ot  t lio  Intorniat  ion  availahlo  ilui  ing  t lio  oai  lv  st  agos  ol 
oquipmont  ilosign.  Please  roail  t lio  ontlro  oipiipmont  iloso  i i pt  I on  botoro  making 
vour  ostlmatos.  Noto  that  von  mav  rot  oi  to  t ho  ong,  i nooi  i ng  iloso  i I pt  I on  paokago 
as  ol t on  as  von  wish  whilo  making  voni  ost  imatos. 

Tho  oi|iiipmont  ilosign  ovalnation  quest  iotina  1 1 o is  .liviiloil  Into  lout  soot  Ions: 
Maintonanoo  Manpowoi  liotpi  i i omont  s , Na  tut  onniteo  li  lining  Koqu  i rontont  s , background 
Data  anil  k.valuat  loo  ol  l lio  laiginooi  lug  I'osoi  (pt  Ion  Paokago.  Ploaso  i oail  tho 
inst  tin  t ions  oarotiillN  holoio  oomploting  o.ii  h so.  a ton.  examples  will  ho  pro 
vliloil  In  sovoral  oasi”.  to  I I lio. Mato  tho  piopoi  1 osponso  technique.  Slnoo 
thoro  is  no  l lino  limit,  ploaso  lonsiiloi  oaoh  question  ami  i osponso  oaiotullv. 

You  mav  ask  questions  it  mi  t lino  whilo  oomploting.  this  ipiosl  lonnaiio. 


MAIN  1 1 NANlT.  MANPOWER  RKlJU  I KKMKNTS 


hi  tills  section  of  the  equipment  design  evaluation  questionnaire,  you  will 
estimate  task  time,  crew  size,  crew  skill  level,  task  difficulty,  and  the 
probability  of  making  an  error  for  each  of  t>  maintenance  tasks.  Each  mainte- 
nance task  will  be  described  in  terms  of  four  aspects;  equipment  name,  type 
of  malfunction,  maintenance  action  taken,  and  maintenance  location.  l’lease 
refer  to  the  engineer l up,  description  package  as  often  as  necessary  while 
making  your  estimates. 

After  vou  have  estimated  the  manpower  data  items  for  the  maintenance  tasks, 
you  will  be  asked  to  estimate  the  most  appropriate  career  t teld  for  technicians 
maintaining  the  doppler  signal  processor. 


M \ I N i l NANl  I I \SK  I 


Equlpmonl  N.imo : Dopploi  Sippinl  I'ioiossoi  (I'SK) 

l'vpo  M.iltunol  inn:  No  Output 

MnintotHllloo  I, Hint  ions:  lltp.ht  1 ini' 

M.i  int  mi. uii  i-  Ai't  ion  T.ikon:  Kimiiovi'  niil  Knpl.iii' 

I'll’W  Si.’.O  .lllil  Skill  li'Vi'l 

k i s t oil  bo  low  .ill’  tin'  pos  s ili  1 1'  mow  . i . i'..  to  potloim  t tic  .ibovo  m.i  tut  on.moo 
.li  t ion.  I'lit  100  t imos  Mint  t til--  m.i  i lit  o n. in.  o ,i.  t i on  i • po i l oi  nii'il , how 
m.mv  l imos  won  l.l  t lio  . i ow  o ho. 

Skill  lovol(s) 

I I I I 111!  i 0 i .111 

1'oohn  i o I .no. 

' Tooltn  ic  inns 
A Tcohn  ic  iniis 

100 

Mn  i n I oii.iiioo  Aot  i on  I i mo 

l’lonso  ost  Im.ito  llii  inioimt  ol  I imo  lo  oomploto  I ho  .ihovo  m.i  mt  on.  moo 
notion  umlor  norm.il  o i i . utnsl  .moos  . 1 h i i.oiilil  ho  vom  o.;tim.ito  ot  .in 

nvornp.o  oompli't  Ion  i imo. 

Avo i .ip.o  ('.imp  I . i i on  I i mo 

t lion  i ■ . .uni  hi  i nil  I of. ) 


Now  os t int.it  o 

in. i ini  on  moo  . 

i.  t ion  , 

o omp 1 o t 

ion  l imos 

1 O! 

o\t  1 

I'lllO  1 V 

i nvor. ih  1 o 

o i i otimsl  .iui’oi 

s (mlniimim  t.i: 

Hi  li'llip 

lot  ion 

I imo)  .mil 

1 Ol 

o\t  J 

omo  1 v 

mi  1 ,ivoi  nb  1 o 

IM 

o i i oiims  1 .inooi 

s ( m.i s 1 .in nn  l .!■ 

:k  ooinp 

loti  on 

1 imo) 

Mini  ilium  Comp  1 . t i on  I i mo 

( lion  i . .mil  m I mi  t i ) 

M.t si im nn  Complot  Ion  l imo 

( lion  i ••  .111.1  III  i mi  I . . I 

*00  NOT  KSTIMA1T  MAN  HOOKS  HUS  Will  HI  COMI’Hll.n  HV  Mi'l  l Il'tYINC  VOHK  T I Ml’ 
IS  r I MA  I IS  HV  VOHK  CHI  W I I ISIIMVII. 


TASK  l 


Maintenance  Action  Dill  lenity 

Please  place  an  X on  the  rat  tnj>  scale  below 
yon  think  this  maintenance  action  would  be. 
comparison  with  avionics  maintenance  actions 


h < 

Very 

Dll f leu  It 


Average 

Difficulty 


o Indicate  how  d ill  leu  It 
Rate  the  difficulty  lit 
you  are  familiar  with. 


Very 

lasy 


'I  \ I N l I'N  W I \SK 


l.tpi  i piitou  t Nunio : DSI1 

l’vpo  Mil  1 1 unt  t Ion:  l.ook  on  M. ilium  t ion 


M.i  t nt  ou.inoo  I omit  ions: 

M.i  int  on. un  o Act  ion  I'. ikon: 


i'i  rw  S i .o  .uni  Skill  1 o\  o 1 


i'  1 i j'.ht  I i no 
Romo vo 


I i st  o>l  ho  low  .iii'  i ho  pos'iihlo  i tow  ••  i o',  to  potloim  i ho  ihovo  m.)  i nt  on.inoi 
notion.  lot  1 Oi ' t i mo-  th.it  I h i m.i  iiil  on.mi'o  notion  i . po  l I orinoil  , liow 


lli.inv  t imos  won  111  t In  .to.,  •.  I o ho. 


1 l oolin  i o i .in 


Skill  l.ovolis) 


l oo  hn  i o i .m  i 
I I oolin  i o t nils 
• i l oo  Int  1 o i mo. 


M.i  int  on. moo  Ao t ton  I i no 

I’loiiso  osl  linoto  t ho  .itiiounl  ot  t imo  to  uomplolo  t ho  .ihovo  mnintonnnoo 
notion  mi  lor  iinrm.il  o i i omits  | nnoi  s . This  wouMI  ho  voui  ostimnto  ol  nil 


nvot.ip.o  o nnplot  ion  t imo. 

Avo  i . p,o  t'omp  I • t I on  l i mo 


th.ni  •.  mnl  m i nu  l i".l 


Nov  os  t i in. 1 1 o in. i i n 1 . ii  nu  i • m | j on  o omp  I .■  I i on  t i moo  i i >i  o s I ri mho  I v I n voi  nh  1 o 
o 1 1 o unis  l mu  os  (minimum  l m.k  oomolol  ion  t imul  mnl  I oi  ooliumolv  unt  nvornhlo 
o i t ouiiistiinoos  (mn\ i .'linn  t m.k  oomplot  ton  t mol 


Minimum  ('oniploi  Ion  I'imo 


Mnsimum  t'omplolion  I'imo 


t hou  i ••  mnl  in  i nu  t o'.' 


t lion  i s mnl  in  i nu  l ■ ' 


*l>0  NO  I ISIIMAIT  MAN  HOOKS  . ITIIS  Will  111  t't'MPU  I I I'  HY  Mil  1 I PI  Y 1 Nvl  YOUR  I 1 MS 
I'SriMAlTS  11 Y YOUR  OKI  W SI  . I ISIIMAIT. 


M.t int  1’iMin'f  Ac  l Ion  Pillicviltv 


I'leaso  place  an  V on  tin*  tat  inn  scale  he  low  to  indicate  how  difficult 
von  think  this  ma  tot  cnonco  action  would  ho.  Rate  I lie  difficulty  In 
comparison  with  avionics  maintenance  actions  von  are  I ami  liar  with. 

Vorv 

P i f f fcult 


Avet ape 
Pifft.nl  tv 


Very 
la  sy 


MAINTENANCE  CASK  ) 


( 


I 

Equipment  Name : _ DSP 

type  Malfunction^  Lock  on  Malfunction  ' 

Maintenance  Locations:  Flight  Line 

Maintenance  Action  Taken:  Adjust  

Cjrew  Size  and  Skill  level 

Listed  below  arc  I lie  possible  crew  sizes  to  perloim  I lie  above  m.t  UU  enanco 
action.  l or  I I'll  limes  l li.it  this  m.i  i ut  ooain  e oe  l i on  i pellet  med  , bow 
many  times  would  t lie  eiew  s i z.e  be. 

Skill  I, eve  I (s ) 

1 Technician 

2 Technicians 
1 Technicians 
4 Technicians 

100 


•*  Maintenance  Action  lime 

Please  estimate  the  amount  of  time  to  complete  the  above  maintenance 
_ ’ action  under  normal  circumstances.  This  would  be  your  estimate  of  an 

average  completion  time. 

•m.  Average  Comp  1 1 I ion  lime  _ 

(hours  and  minutes) 


Now  estimate  maintenance  action  completion  times  for  extremely  favorable 
circumstances  (minimum  task  completion  time)  and  lot  extremely  unfavorable 
circumstances  (maximum  task  completion  time) 

Minimum  Comp  let  ion  Time  

(hours  and  minut es) 

Maximum  Completion  lime 

(bouts  and  minutes) 

*1)0  NOT  ESTIMATE  MAN-lllMMtS . HUS  WILL  HE  COMPUTEI'  HY  MULTI  PLY  INC  YOUR  TIME 
ESTIMATES  BY  YOUR  CRI.W  SIZE  ISI  IMAIK. 
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MAINTENANCE  TASK  4 


Equipment  Name: DSP 

Type  Malfunction:  Lock  on  Malfunction 

Maintenance  Locations:  Shop 

Maintenance  Action  Taken:  Repair 

Crew  Slxe  awl  Skill  I 1 

Listed  below  art.'  tin*  possible  i row  si/es  to  perform  t ho  above  maintenance 
action.  For  100  i imes  that  this  maintenance  act  ion  i s performed,  how 
many  times  would  the  crew  si.-.e  be. 

Skill  Love  I (s) 

1 Technician 

2 Technicians 
J Technicians 
4 Technicians 

100 


Maintenance  Action  Time 

Please  estimate  the  amount  of  time  to  complete  the  above  maintenance 
action  under  normal  circumstances.  This  would  be  your  estimate  of  an 
average  completion  time. 

Average  Completion  Time 

(hours  and  minutes) 

Now  estimate  maintenance  action  complet ion  t imes  for  extremely  favorable 
circumstances  (minimum  task  completion  t ime)  anil  (or  extremely  unfavorable 
circumstances  (maximum  task  completion  i ime) 

Minimum  Complet  ion  lime 

(houi  s and  m i nil t cs ) 

Maximum  Completion  Time 

(hours  and  minutes) 

*00  NOT  ESTIMATE  MAN-IIOPRS.  I'll  T S WILL  BE  COMPUTED  BY  MULT  I I’LY  I NO  YOUR  TIME 

ESTIMATES  BY  YOUR  CKT.U  SIZE  IS  f IMA  IE. 


8h 


t 


TASk 


M.i int onnnce  Action  Pill  icult^ 

Please  place  an  X on  I In*  rating  scale  below  to  indicate  how  difficult 
vou  think  this  m.i  int  on. men  net  Ion  would  bo.  It.ilo  ilu*  ditficulty  in 
comparison  with  nv  ionics  mnlntonnneo  notions  you  are  Inniilinr  with. 


h- 


__t 


Very 

Dif  f icu  It 


Average 
Dif  f icu 1 1 v 


Very 

Knsv 
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MA  I NTENANC.K  I ASK  3 


Equipment  Name : _ Power  Supply  Module 

Type  Mai  f unc t Ion: _ No  Output 

Maintenance  Locations:  Shop 

Maintenance  Action  Taken:  Bench  Check  - Repair  Deferred 

Crew  Size  and  Skill  hovel 

Listed  below  are  the  possible  crew  sizes  to  perform  the  above  maintenance 
action.  For  100  i into*;  that  this  maintenance  act  ion  i •;  pot  formed,  how 
many  times  would  |lu-  i row  size  he. 

Skill  1 eve  1 ( s 1 

1 Technician 

2 Technicians  _ 

3 Technicians 

U Technicians  _ 

100 

Maintenance  Action  It  mo 

Please  estimate  the  amount  of  time  to  complete  the  above  maintenance 
action  under  normal  circumstances.  litis  would  be  vottr  estimate  of  an 
average  completion  t imo. 

Average  Completion  lime  

(hours  and  mi nut  os) 

Now  estimate  main! on. nice  action  oomplotlon  limos  lot  extremely  favorable 
circumstances  (mitt  imtiitt  task  completion  time)  and  for  extremely  unfavorable 
circumstances  (maximum  task  completion  time) 

Minimum  Completion  Time  

(hours  and  minutes) 

Maximum  Completion  Time  _ _ 

(hours  and  minutes) 

*D0  NOT  ESTIMATE  MAN -lit >U US.  THIS  WILL  BE.  COMPUTED  BY  MULTIPLYING  YOUR  TIME 
ESTIMATES  BY  YOUR  CRI  W SIZE  ESTIMATE. 


TASK  5 


Ma  int  onancc  Action  H i I I i iuUv 

Please  place  an  X on  tlie  rating  scale  below  to  indicate  bow  difficult 
vou  think  this  maintenance  action  would  be.  Rate  the  difficulty  in 
comparison  with  avionics  maintenance  actions  you  are  familiar  with. 


I 

Very 

IHf  f icu  It 


Average  Very 

Difficulty  K.asy 


| 


MAINTENANCE  i ASK  b 


Equipment  Name: Signal  Comparator  Module 

Type  Malfunction:  Lock  on  Malfunction 

Maintenance  Locations:  Shop 

Maintenance  Action  Taken:  Repair 


Crew  Size  and  Skill  Level 

Listed  below  are  the  possible  crew  sizes  to  perform  the  above  maintenance 
action.  For  100  I imes  that  this  maintenance  act  ion  is  performed,  how 
many  times  would  the  crew  size  ho. 

Skill  Level  Is) 

1 Technician  

2 Technicians  

3 Technicians 

4 Technicians 


100 


Maintenance  Act  ion  _T i mo 

Please  estimate  the  amount  of  time  to  complete  the  above  maintenance 
action  under  normal  circumstances.  This  would  be  your  estimate  oi  an 
average  completion  lime. 


Average  Completion  Time 


(.hours  and  minutes) 


Now  estimate  maintenance  action  completion  times  for  extremely  favorable 
circumstances  (minimum  task  completion  time)  and  for  extremely  unfavorable 
circumstances  (maximum  task  completion  time) 


Minimum  Completion  Time 
Maximum  Completion  Time 


(hours  and  minutes) 


(hours  and  minutes) 


*D0  NOT  ESTIMATE  MAN-HOURS.  THIS  WILL  BE  COMPUTER  BY  MULTIPLYING  YOUR  TIME 
ESTIMATES  BY  YOUR  CREW  SI/.L  ESTIMATE. 


40 


TASK  <> 


Maintenance  Action  IHII  lenity 

Please  place  an  X on  i lie  rating  acalo  below  to  imlicalr  liow  difficult 
you  tli ink  this  maintenance  action  would  lie.  Rate  the  difficulty  in 
comparison  with  avionics  maintenance  actions  you  are  I ami  liar  with. 

Vorv  Average  Vorv 

Difficult  Difficulty  I asv 


Careet  Field 

It  is  assumed  that  maintenance  technicians  lor  this  equipment  will  come 
I tom  the  J28XX  Career  Field.  Would  the  maintenance  actions  associated 
with  this  design  require  any  changes  to  the  AFSC's  within  the  128XX 
Career  Field?  YKS  NO 


li  you  answered  YES,  which  ol  the  following  changes  do  von  think  would 
he  appropriate’ 

A new  AFSO  (careet  ladder) 

A combination  ol  AFSC's  (careet  ladders) 

A new  shrodout  lor  an  existing  AFSC  (career  ladder! 


Expand  duties  of  an  existing  AFSC  (career  ladder) 


Career  Plohl 

Which  Air  Force  Specialty  listed  below  woulii  be  roost  likely  to  perform 
the  preceding  6 maintenance  actions? 


328X0  - Specialty  Summary  - Installs,  maintains,  modifies, 
troubleshoots,  and  repairs  avionic  communications  equipment 
and  test  equipment. 


328X1  - Specialty  Summary  - Installs,  maintains,  trouble- 
shoots, and  repairs  avionic  electronic  navigation  systems 
equipment  and  test  equipment. 

328X2  - Specialty  Summary  - Inspects,  repairs,  overhauls, 
modifies,  and  maintains  airborne  early  warning  radar 
systems  and  test  equipment. 

328X3  - Specialty  Summary  - Installs,  maintains,  and  repairs 
avionic  electronic  warfare  equipment,  ground  electronic 
intercept  and  analysis  equipment,  and  special  purpose  test 
equipment . 

328X4  - Specialty  Summary  - Installs,  maintains,  and  repairs 
avionic  inertial  and  radar  navigation  equipment  and  test 
oqu i pment . 

Other  AI-'SC 
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L 


Task  Difficulty.  Safety.  i t ints  ami  T i m«* 


Please  tdent  1 fv  any  JosIkii  features  of  I lit*  doppler  signal  processor 
you  feel  would  make  maintenance  par l leular 1 v difficult. 


Please  Identify  any  design  features  which  could  present  safety  hazards. 


Please  Identify  any  design  features  which  could  increase  maintenance 
t ime. 


Please  Identify  any  design  leatures  which  could  contribute  to 
maintenance  error*.. 
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TRAINING  REQUIREMENTS 


In  this  section  of  the  expert  opinion  questionnaire,  you  will  be  requested 
to  estimate  training  time,  training  type,  training  content,  and  special 
training  facilities  or  equipment  needed  for  maintenance  on  the  Doppler 
Signal  Processor  (DSP).  You  will  be  asked  to  make  these  estimates  for 
airmen  with  no  avionics  experience  and  for  airmen  with  avionics  experience. 

When  making  your  estimates  assume  that  the  inexperienced  person  is  in  his 
first  enlistment,  has  Just  completed  basic  training,  and  is  ready  and  quali- 
fied for  technical  training.  Assume  that  the  experienced  person  is  currently 
a 5-level  avionics  technician.  Your  task  is  to  specify  the  amount  of 
training  which  will  be  required  to  qualify  these  individuals  to  perform  at 
a 5- level  on  the  DSP. 


Train ing  Requirement s 

The  table  below  presents  general  training  topics  for  three  types  of  Air 
Force  training.  Your  task  is  to  estimate  the  number  of  hours  of  training 
for  each  topic  within  eacli  type  of  training  which  would  be  necessary  to 
bring  both  inexperienced  and  experienced  individuals  to  5-level  proficiency 
on  the  DSP.  If  you  feel  tli.it  a topic  should  not  be  covered  indicated  this 
with  a zero  in  the  appropriate  blank.  You  inny  refer  to  the  engineering 
description  package  as  often  as  necessary  while  making  your  estimates. 


Training  Topics 


Types  of  Training 

Resident  OJT  FTD 

(Inexperienced)  (Inexperienced)  (Experienced) 


Basic  Electronics 


Equipment  Orientation 
(Doppler  Signal  Processor) 


Theory  of  Operation 
(Doppler  Signal  Processor 


Maintenance 

(Doppler  Signal  Processor) 


(Other ) 


*40  hours  » 1 week 
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Listed  below  are  topics  Included  In  the  general  category  of  maintenance 
training.  Please  estimate  the  amount  of  maintenance  training  time  which 
should  be  devoted  to  each  of  these  topics.  Base  these  estimates  on  the 
number  of  hours  you  estimated  above  for  maintenance  within  each  type  of 
training. 

For  example,  if  you  estimated  that  100  hours  of  resident  training  should 
be  devoted  to  maintenance,  your  task  would  be  to  estimate  how  these  100 
hours  should  be  distributed  over  the  specific  maintenance  topics  listed 
below.  Follow  the  same  procedure  for  OJT  and  FTD  training.  Indicate  zero 
if  you  feel  a particular  topic  should  not  be  covered.  The  values  in  each 
type  of  training  column  should  equal  the  number  of  maintenance  training 
hours  estimated  above  for  that  type  of  training. 


Ma intenance  Training 


Resident  OJT 

(Inexperienced)  (Inexperienced) 


FTD 

(Experienced) 


Remove 

Replace/lnatall 
Bench  Check 
Repair 
Calibrate 
Adjust 

Test /Inspect/Service 

Check 

Assemble 

Disassemble 


Total  Hours 


(Use  number  of  hours 
estimated  for  maintenance 
under  each  type  of 
training) 


I 


L 


Training  Facilltles/Egu ipment 

What  types  of  training  devices,  training  equipment,  and  training  aids 
would  be  required  to  support  the  following  training  topics: 

Basic  Electronics  

Equipment  Orientation  

Theory  of  Operation  

Maintenance  

(Other) 


BACKGROUND  DATA 


RANK 


AFSC 


Career  Field  Experience  Years  Months 


Systems  Experience 


(list  current  system  first) 


System 


Months  of  Experience 


Select  Expert  Estimators 


Expert  estimators  should  be  selected  primarily  on  the  basis  of 
their  systems  experience.  Research  has  shown  that  it  is  desirable  to 
select  as  estimators  maintenance  technicians  with  experience  on  equip- 
ment or  systems  similar  to  the  proposed  equipment  or  system.  Because  of 
the  variety  of  new  systems  under  development  it  is  impossible  to  give 
anv  more  specific  advice  on  the  ideal  equipment  or  systems  experience 
necessary . 


Once  the  initial  group  has  been  identified,  it  is  possible  to 
select  specific  raters.  In  terms  of  skill  level,  research  on  expert 
estimators  has  not  included  three-level  technicians.  Therefore,  it  is 
recommended  that  at  least  five-level  technicians  be  selected  as  esti- 
mators. Research  has  also  shown  no  differences  in  the  accuracy  of 
estimates  for  groups  differing  in  length  of  system  experience. 


The  minimum  recommended  quantity  of  expert  estimators  is  10.  If  a 
greater  degree  of  accuracy  is  desired  and  if  resources  permit,  the 
number  of  estimators  mav  be  increased  to  20.  Analyses  of  man-hour 
estimates  from  groups  ot  5,  10,  and  20  indicate  that  the  variability  in 
estimates  decreases  for  groups  of  10  and  20.  There  is  less  of  a chance, 
therefore,  of  obtaining  extremely  high  or  low  estimates  with  the  larger, 
groups.  The  interrater  reliability  coefficients  for  groups  of  10  expert 
estimators  range  from  .77  to  .79  while  the  coefficients  for  groups  of  20 

expert  estimators  range  from  .87  to  .88. 

100 


1 


\ 


D.i  1 .1  Cull  cc  [ i on 

The  data  collection  could  be  accomplished  in  two  ways.  Maintenance 
technicians  could  be  brought  to  the  engineering  office  responsible  for 
the  analysis  of  the  proposed  equipment  or  data  collection  visits  could 
be  made  to  the  maintenance  technicians  at  their  home  base.  Experience 
to  date  is  with  data  collection  visits  to  the  Air  Force  bases. 

Arrangements  should  be  made  to  conduct  data  collection  visits  to  the 
bases  where  the  selected  estimators  are  assigned.  Data  collection 
sessions  may  need  to  be  scheduled  around  the  technicians'  duty  hours  and 
could  be  scheduled  during  any  of  the  work  shifts.  Data  collection 
sessions  can  be  conducted  with  technicians  individually  or  in  group 
settings  of  from  two  to  20  technicians.  This  would  depend,  of  course,  on 
technician  availability  and  availability  of  a suitably  sized  room.  Each 
technician  should  he  given  a copy  of  the  engineering  description  package 
and  the  questionnaire.  A short  briefing  on  the  purpose  of  the  data 
collection  should  be  conducted  to  motivate  the  technicians  to  complete 
the  questionnaires  as  carefully  and  accurately  as  possible.  Technicians 
should  be  encouraged  to  refer  to  the  engineering  description  package  as 
often  as  necessary  during  the  session.  Although  the  questionnaire  is 
not  a test,  individual  answers  rather  than  a group  consensus  are  required. 


The  cost  and  time  involved  in  the  data  collection  phase  are  affected 
by  the  geographical  location  of  the  base,  the  number  of  Individuals  sent 
to  collect  the  data  and  the  availability  of  the  selected  estimators.  As 


. 


■ 


• in  ex. imp  1 o i't  oni'  aspect  i'!  il.it. i collect  it'ii  t'nsts,  technicians  rompl  et  ed 


t ho  ij  lies  t u'lui.iiro  presented  o.n  1 ioi  in  I tom  1 . !>  to  . s hours.  Tho  total 


mimhor  t't  t echn  i o tans  surveyed  at  oaoli  hast'  varied  1 1 om  nine  to  20. 


1 host1  group  si  .tos  i ot|u  i i o0  tl.it. i collection  visits  ol  I rom  l.S  to  .' . S 


ilavs  ktur.it  ion.  those  t unos  aro  h.isoit  on  using  t'no  liata  oollootor. 


A Oil  1 1 ii'n. 1 1 ti.ua  ootlootors  van  ho  usoit  1 1'  roiiuoo  data  ool  loot  ion  timo. 


Data  Analysis 


Vho  tlata  analysis  varios  in  ooniplcxitv  tt’i  initiviilu.il  manpower  and 


maintouanoo  data  items.  l'tio  recommended  analysis  procedure  for  each 


item  will  he  discussed  m detail  in  t lie  p.u  up raphs  holow. 


The  recommended  analysis  ot  t lie  maintk'nance  task  time  estimates 


will  yield  a man-hour  estimate  tor  the  sped  tied  maintenance  task.  The 


t ust  stop  is  to  calculate  tho  estimated  man-hours  for  each  maintenance 


task.  To  dt'  this,  determine  the  crow  sice  estimated  as  most  likely  to 


porlorm  tho  maintenance  task.  Multiplv  tho  task  time  h\  crew  sice  to 


loiotmino  man-hours.  I'oi  example,  it  the  estimated  tusk  time  is 


hours  and  the  crew  sice  most  likely  to  perform  this  task  is  two,  the 


man-hours  tor  this  task  would  he  talciilate  all  the  man-hours  tor  a 


given  task  and  determine  the  mean  man-hours  value.  Research  lias  shown 


that  technicians  tend  to  undot est imat e task  times  which  then  result  in 


underest imates  ot  man  hours.  Task  time  estimates  reported  by  Whalen  and 


Askten  tl'h’s)  averaged  ‘0  pel  cent  ot  actual  t.e.k  times.  1'his  study 


found  th.it,  on  the  overage,  man-hour  estimates  were  6b  percent  of 
actual  man-hours  expended.  Since  the  latter  percentage  was  based  on 
man-hour  estimates  it  is  recommended  that  this  value  be  used  as  a 


correction  factor.  The  correction  factor  is  applied  to  the  mean  man- 
hour estimate  for  a given  task  to  arrive  at  a corrected  man-hour  esti- 
mate. The  corrected  man-hour  estimate  is  determined  bv  dividing  the 
mean  estimated  man-hours  by  .bb.  If,  for  example,  the  mean  estimated 
man-hours  were  2.47,  the  corrected  man-hour  estimate  would  be  3.74. 

The  analysis  of  estimated  crew  size  is  somewhat  less  complex. 

First,  determine  the  mean  percentage  of  time  a particular  crew  size 
would  be  required  to  perform  a given  maintenance  task.  For  example, 
technicians  may  estimate  that  for  a remove  and  replace  task  a two-man 
crew  would  be  required  75  percent  of  the  time  and  a three-man  crew  would 
be  required  25  percent  of  the  time.  If  the  purpose  of  the  survey  is  to 
determine  only  the  most  likely  crew  size,  then  the  investigator,  using 
the  example  above,  would  report  that  a two-man  crew  would  be  most  likely 
to  perform  this  task. 


If  it  is  desired  to  know  how  often  crew  sizes  will  vary  in  per- 
formance of  that  task,  correction  factors  must  be  applied.  Research  has 
determined  that  technicians  tend  to  underestimate  the  percentage  of  time 
a particular  crew  size  is  required.  Their  time  estimates  are,  on  the 
average,  *> 3 percent  of  the  actual  values.  To  obtain  corrected  values 
divide  the  estimated  percentage  by  .13.  If  it  was  estimated  that  a two- 
• man  crew  was  required  75  percent  of  the  time,  as  in  the  example  above, 
tlu'  corrected  percentage  would  tie  80.  h. 
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Hu*  analysis  ol  tin-  skill  level  estimates  involves  calculating  the 
frequency  of  responses  lot  each  skill  level  or  eomMnat  ion  ol  skill 
levels  in  the  ease  ol  two  or  hum  i crew  members.  llie  skill  levels 


receiving  the  highest  number  of  responses  would  represent  the  predicted 
skill  levels  necessary  for  the  particular  task. 


A similar  analysis  would  be  required  tor  determining  the  predicted 
career  field/AFSC.  It  the  majority  of  the  technicians  estimate  that  one 
of  the  current  AFSl's  represents  the  appropriate  combination  of  skills 
and  training  for  the  proposed  system,  then  that  AFSC  is  the  predicted 
AFSC  for  the  new  system.  If  this  is  not  the  case,  then  a detailed 
evaluation  of  the  other  responses  needs  to  be  made.  These  responses 
would  indicate  whether  technicians  recommend  the  creation  of  a totally 
new  AFSC,  a combination  of  existing  AFSCs,  the  creation  of  a new  shred- 
out  for  an  existing  AFSC  or  the  expansion  of  duties  of  an  existing  AFSC. 


l'ask  difficulty  estimates  are  calculated  bv  using  a 100mm  scale  to 
convert  the  marks  on  the  difficulty  scale  te  scores.  After  calculating 
the  mean  task  difficulty  score  for  a particular  task  a correction 
should  be  applied,  l’revious  research  has  shown  that  technicians  tend  to 
underestimate  the  degree  of  difficulty  of  maint c lance  tasks  on  the 
proposed  system.  That  is,  technicians  rated  the  maintenance  tasks  on 
the  proposed  system  as  being  less  difficult  than  the  criteria  task 
dilticullY  ratings  lot  l In-  same  tasks.  In  obtain  a corrected  task 

r 

difficulty  estimate,  divide  the  mean  task  difficulty  estimate  by  .74.  j 

c 

* 

For  example.  If  the  mean  estimated  task  difficulty  score  is  J.1',  the  \ 


corrected  score  is 


i 


llsinjj  il»'  Kxpert  list  iroat  os 


The  rocommond.il  ions  presented  to  this  point  came  as  ;i  result  of 
research  on  the  vallilitv  and  reliability  of  expert  estimates  of  human 
resources  data  for  new  systems.  Little,  if  any,  research  has  been 
directed  toward  defining  the  ways  in  which  t lie  estimates  can  be  used. 
Because  of  this  lack  of  research  this  prototype  guide  can  only  recommend 
the  methods  for  obtaining  accurate  and  reliable  estimates.  Ait  hough 
readers  are  advised  to  proceed  with  caution,  it  seems  that  there  are  a 


number  of  valid  ways  in  which  the  estimates  can  be  used.  Additional 
research  will  be  necessary  to  totally  define  these  applications. 


